The use of multi-technique geophysical data allows a three-dimensional model of the subsurface, yet data acquisition usually leaves the surface undisturbed. Exploration for, and assessment of, mineral deposits has focused on deeper deposits or those that may be hidden by considerable cover.
B. Geologic Environment Definition
Remote sensing methods can help detect and map the extent of ultramafic belts and intrusive complexes by overall reflectance (albedo), thermal properties and geobotanical changes (Harrington, 1991; Longshaw and Gilbertson, 1975) . Landsat TM data have been utilized to map and subdivide units of the Semail ophiolite in Oman . Landsat TM data have been used on a regional and local scale to recognize syn-and post-volcanic structures, including first and second-order lineament faults and shear zones in Canadian greenstone belts (Carboni and others, 1991) . TM data were used to map lithologies, limonitic and gossan surfaces and integrated with panchromatic air photos providing structural data and locations of volcanic centers (Volk and others, 1987) . Aircraft multispectral scanner data have successfully mapped the distribution of iron-oxide species over known gossan outcrop in Australia (Fraser and others, 1987) .
Aeromagnetic and regional gravity data have been used to define tectonic terranes in northern Michigan and Wisconsin (Klasner and others, 1985) . High-resolution aeromagnetic surveys were useful in interpreting Precambrian bedrock beneath glacial cover in Minnesota (Chandler, 1985) . Enhanced high resolution aeromagnetic and VLF data were utilized to map lithology and regional faults in the central volcanic belt near Buchans, Newfoundland (Kilfoil, 1989) . Ophiolite belts are characterized by aeromagnetic data as en echelon belts of short wavelength, high gradient anomalies (Heinz, 1989) , and chains of narrow local positive and negative anomalies . Greenstone belts may be defined in aeromagnetic surveys as a regional magnetic low if the belt is magnetite-deficient, in other cases a high if it is magnetite-rich (Grant, 1985; Isles, Harman and Cunneen, 1988) . A statistical analysis of regional magnetic and gravimetric parameters were used to evaluate regional deposit potential in greenstone areas in Canada (Favini and Assad, 1974) . Regional gravity was used to define thrust faults in an island-arc terrane in Canada (Wilson and Brisbin, 1960) . Airborne electromagnetic surveys have been widely used in favorable terrains for finding conductors (Seigel, 1977; Klein and Lajoie, 1992; Ward, 1967; and can be credited for the discovery of numerous massive sulfide deposits in Canada (Paterson, 1966; Fleming and Brooks, 1960; Mackay and Paterson, 1959; Podolsky, 1966) and Wisconsin (Schnenk, 1977; May and Schmidt, 1982 ; Mudrey and others, 1991).
C. Deposit Definition
Massive sulfide bodies are defined as a single mass containing between 50-80% metallic sulfide minerals. This fact almost always lends to a higher electrical contrast relative to its host. A variety of ground EM methods have been successfully applied, as follow-up to airborne surveys, including the frequency and time domain methods utilizing a broad band of frequencies and employing several coil configurations (Ward, 1966 (Ward, , 1979 Crone, 1966 Crone, , 1979 and Strangway, 1966; McCracken, 1981 (Hallof, 1966; have been widely used to locate and define deposit parameters. The presence of pyrrhotite and/or magnetite in the mineral assemblage of the deposit (not always present) may cause a magnetic contrast with the host rock. Ground magnetic surveys are commonly used (Hood and others, 1979 ) if a subtle or strong airborne magnetic anomaly is obtained, to locate or outline ore zones. The magnetic method is credited for the discovery of the Pima ore body in Arizona (Heinrichs and Thurmond, 1956). Another inherent physical property of the massive sulfide is high density of the ore minerals. The gravity method although not normally used as a primary tool can play an important role in an integrated effort to check EM or electrical anomalies (Tanner and Gibb, 1979; West, 1992; Boyd and others, 1975; Barbour and Thurlow, 1982) , outline the deposit, or estimate ore reserves (Templeton, 1981) . A 2.8 mgal anomaly was obtained over the Faro deposit NWT Canada (Brock, 1973) . Seismic refraction and reflection surveys have been used to map fault structures (Spencer and others, 1993) map ore zones (Cooksley, 1992) and as a screening method to distinguish between shallow orebodies and conductive shales or graphite zones (Hawkins and Whitely, 1981) . Downhole electrical and gamma radiation methods were used at the Woodlawn deposit, Australia to effectively outline the deposit and log lithologies (Templeton and others, 1981; Hone and Young, 1981 (Hunt, 1979) . Near-infrared spectra (800-2500 nm) have been utilized to distinguish true and false gossans (Raines and others, 1985) . Color composite images from Landsat MSS band ratio data have been used to successfully map ferric iron-bearing rocks (Segal, 1983) . Airborne multispectral scanners have been applied to map rock types, soils, alteration and gossans in Australia (Fraser and others, 1987; Honey and Daniels 1986).
G. Comments
Ground follow-up surveys following regional exploration must eliminate extraneous sources of anomalies such as conductive graphitic zones. The choice of techniques to apply first will vary depending on host environment, minerals present, structural controls and target depth. The normally high electrical conductivity of massive sulfides makes the electrical or electromagnetic methods most frequently used (Ward, 1966 Podiform: Magmatic cumulates in elongate magmatic pockets occurring along spreading plate boundaries; exposed in accreted terranes as part of ophiolite assemblage. Autoliths in the tectonite peridotites (alpine) usually occur within the lower part of the ophiolite complex and are highly deformed and serpentinized. Pods may lie near the transition zone below magmatic cumulates in the sequence. Ore bodies are massive to disseminated chromite surrounded by a thin dunite halo in a harzburgite host, and the ore body host contact is generally sharp.
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B. Geologic Environment Definition
Remote sensing techniques may be used to detect and map ultramafic belts and intrusive complexes by overall reflectance (albedo), thermal properties, and geobotanical changes (Harrington, 1991; Longshaw and Gilbertson, 1975) . The Semail ophiolite in Oman has been mapped and its units subdivided using Landsat TM data . Ophiolite belts are characterized by aeromagnetic data as en echelon belts of short wavelength, high gradient anomalies (Heinz, 1989) , and chains of narrow local positive and negative magnetic anomalies . Aeromagnetic surveys and regional gravity data have been used to delineate the extent and shape of large layered intrusions (Blakely, 1984; Gould and others, 1985; Kleinkopf, 1985; Blakely and Zientek, 1985) . Detailed gravity data have been used to estimate thickness and subsurface form of ophiolite massifs (Sharp, 1989) . Detailed magnetic prospecting has helped map ophiolite sequences under sedimentary cover (Bozzo and others, 1984) . Integrated ground magnetic and gravity surveys have been successful in finding and determining the size and shape of buried ophiolite massifs (Babadzhanyan, 1983) . Additionally integrated aeromagnetic, regional and detailed gravity and electromagnetic data were utilized to map the extent and structure of a layered intrusive in South Africa (Gould and others, 1985 The rock spectra, indicate that chromite bearing host lithologies should be distinguishable from surrounding ultramafic and mafic rocks using remote sensing techniques (Hunt, G.R. and Wynn, J.C., 1979). Biogeochemical studies show that chromite poisons vegetation in a very distinctive manner, and the amount of serpentinization strongly controls both density and species of vegetation (Wynn, 1981) . TM data were found to be extremely useful for mapping and subdividing the units making up the Semail ophiolite in Oman (Abrams, M., 1986).
G. Comments
Gravity studies in many different areas (Kazakhstan, Turkey, Cuba, Albania, Philippines, India, etc.) indicate that the gravity method is the most effective geophysical method for podiform chromite exploration. A typical podiform chromite deposit has a positive density contrast of about 0. Hosted within marine fine grained, typically siliceous or carbonaceous, sediments usually of Proterozoic or Paleozoic age. Stratabound deposits of limited areal extent related to exhalative processes controlled by high angle faults along which metal-rich brines were released to sea water.
GEOPHYSICAL MODEL OF BEDDED BARITE

B. Geologic Environment Definition
Geophysical methods appear to have had very limited application on a regional scale for old marine basins in which bedded barite deposits are found. However, airborne methods could have application to mapping of lithologies and structures, especially where cover or access present difficulties to conventional regional mapping. Barnes and Kelley (1991) note that 12 of 3500 gravity stations comprising a regional survey in Alaska need to be reexamined. These 12 stations, showing 2-4 mgal highs, had been rejected when compiling the regional map as due to simple errors or related to shallow sources. The shallow sources could be bedded barite deposits. Caveat emptor!
C. Deposit Definition
All conventional geophysical methods have been tried over bedded barite deposits but only two, gravity and electrical resistivity, methods have proven very effective. Gravity is most used due to the large density contrast between ore and host (+1.0 to 2.0 gm/cm3 reported). Maximum anomalies at Mangampetta North and South, India, and Red Dog North, Alaska; three of the largest deposits are 2.1, 1.6, and 4.07 mgals respectively Barnes and Morin, 1982; Barnes and others, 1982) . Small deposits become difficult to identify with gravity methods because of limitations due to geologic noise (Bhattacharya and others, 1974; Miller and Wright, 1983; Moro, 1982; Parker, 1980; Visarion and others, 1974) . Although, in favorable areas even small deposits may be identified (Uhley and Scharon, 1954) .
Bedded barite deposits, like many other chemical sediments, are expressed as high resistivity units. Where these are hosted within carbonaceous or sulfide-bearing sediments, the resistivity contrast may be very large (Parker, 1978 (Parker, , 1980 Rao and Bhimasankaram, 1982; Bhattacharya and others, 1974) . I.P. methods were used at the Mel deposit, Yukon territory, Canada (Miller and Wright, 1983) providing good definition because of the high sphalerite/galena content. Intrinsic chargeability was 60 msec from modeling. Moro (1982) presents S.P. results at the Ambiciosa mine, Spain, showing 100+ mv anomalies, but these are related to sulfide-and graphite-bearing host schists.
Magnetic methods are mentioned by Scull (1958) , Vasserman and others (1980) , , and Parker (1980) tried them at Aberfeldy, Scotland but results were inconclusive. states that seismic refraction was tried but gives no results.
Scull (1958) using a total-count scintillometer across the Chamberlain Creek syncline noted that barite and associated black shales had low radioactivity contrary to expectations. He suggested airborne scintillometry could be an effective tool. However, many deposits show a sericite alteration zone (Papke, 1984) which might provide a target for gamma-ray spectrometry. Vasserman and others (1980) note that natural gamma-ray logs show a minimum in barite ore. Zimovets (1984) gives results for natural gamma-ray and gammagamma logs showing excellent correlation between each and low values for natural gamma and high values for gamma-gamma logs. Using these logs quantitative estimates of barite content could be obtained. 
Remote Sensing Characteristics
No literature references to remote sensing techniques applied to barite exploration have been found. However, in some cases such methods may be relevant to lithologic, structural, and possibly alteration mapping in exploration for barite. In the visible and near infrared region the barite spectrum is featureless.
G. Comments
Because of the small average size and limited alteration haloe, if present, detailed surveys are required at the deposit scale. It is unlikely that airborne surveys would be of much help in deposit definition. A USGS AEM and gamma ray 400 m spaced survey in the Osgood Mtns., Nevada showed no definitive high resistivity body over the Barum deposit, nor a characteristic radioelement signature. A. Gravity contour map of the Red Dog deposit Alaska, adapted from Barnes and Morin (1984) . B. Gamma-gamma log from a barite deposit in the northern Urals, adapted from Zimovets (1984) . (Dawson, 1971 (Dawson, , 1980 often in groups of three or more.
GEOPHYSICAL MODEL OF DIAMOND PIPES
Often spatially related to carbonatites, but not normally occurring along same zones of crustal weakness (Dawson, 1967; Garson, 1984 Visible and near IR-Remote sensing techniques can identify lineaments which may reflect zones of crustal weakness along which pipes were emplaced. Lineament intersections may be favored locations (Tsyganov and others, 1988) . Vegetation anomalies related to drainage and lithologies can be used for location. Alteration products of kimberlite, such as serpentine, chlorite, and vermiculite show distinct spectral absorption features that can be detected by a variety of methods (Kingston, 1989; Jennings, 1990 ).
G. Comments
The relatively small size, 0.4-1.0 km, of most pipes requires detailed coverage for identification. The geophysical signature differs from carbonatites in, reduced amplitude of magnetic anomaly, and by a small negative gravity anomaly in contrast to the large positive anomaly of carbonatites. A combination of magnetic, gravity, and resistivity methods are most used in exploration.
No single method is universally applicable. Radioelement methods have had relatively little use, although they should have some application in differentiating varieties of kimberlites and lamproite. Some Russian literature (Ratnikov, 1970) , gives very low values of density for kimberlites. These probably refer to serpentinized or weathered samples and are not representative of unaltered rock. Gerryts (1967) gives a rule-ofthumb of 1 mgal/183 meters (200 yards) of pipe diameter for the gravity low. A broad gravity high ring about the central low, due to dense, deeper, kimberlite has not been observed. Guptasarma and others (1989) report both positive and negative gravity and magnetic responses over kimberlites in India. Jennings (1990) notes that less than 25% of kimberlite-like magnetic features in an area of Botswana were kimberlites, when drilled. Johnson and Seigel (1986) show airborne magnetic and EM data over three pipes in Tanzania, only two of which show a magnetic signature, but all three have a strong, positive conductivity anomaly. suggests that gravity highs, magnetic highs and resistivity highs are seen over fresh unweathered kimberlites, while gravity, magnetic and resistivity lows are seen over weathered kimberlites in India. Carlson and others (1984) show results for gravity, magnetic, EM, galvanic resistivity, gamma-ray, and seismic refraction studies over several diatremes in the State-Line district of Colorado-Wyoming, concluding that magnetic, resistivity and EM methods were clearly the most effective. Their data appear to show fenitization up to 15 m around the pipe. 
